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PROBLEM TO BE SOLVED: To lower operation current and to provide a semiconductor light- emitting element having high 
reliability by nonuniformly doping specified impurities to barrier layers so that an electric field generated by a piezoelectric 
effect is canceled. 

SOLUTION: A distortion quantum well active layer which is a zinc blend semiconductor is formed on a crystal semiconductor 
substrate 1 formed of a prescribed semiconductor material by the growth of a crystal. The crystal growing direction is set to 
that obtained by inclining it by 20 deg.-85 deg. from a [001] axis or an axis equivalent to the axis. The active layer is 
constituted of a distortion well layer 4 and barrier layers 3 and 5, whose forbidden bandwidths are larger than the layer 4 
Then, p-type or n-type impurities are doped nonuniformly to the distortion well layer 4 or the barrier layers 3 and 5 or all the 
layers by not less than 10<18> cm<-3> . Thus, the semiconductor light-emitting element whose operation current is low and 
which has high reliability can be obtained. 



Abstract 



Data supplied from the esp@cenet database - 12 



http://12 .espacenet.com/dips7abstract?LG=en&C Y=ep&DB=PAJ&PNP=JP 1 1 340559&PN=JP 1 1 340559& ABSFLG-%06 01/10/17 



o*>Ei*Mm* (j p> 02) & m ft If ^ m <a) aiHMRHsm 

#^11-340559 

<43)&!BB ^11^(1999)12^10H 

(5i)inta. e mm^ FI 

HOIS 3/18 HO IS 3/18 



(21)fBH#*J 


fl JSVIO- 140828 


(7DWISA 


000005108 


(22)tf}®B 






*«££ttB:£llfft?r 


¥^10^(1998) 5 322B 




















JlOiC&B##rfjj|G&$-&— T@280#ifi 














(72) SMB* 


Mffl 








JfOlCf5B##rtnla&^tt-TB28(^ 














(72) smrn 


iS« It 








«3S3Ka4)-^T&*3asyS— TS280SA6 








«s:#tfcBi[«^9f«f*5fi>a0frt 






(74)ftSA 


#1!± /Wt| J»n 



(54) ismazm HRHffiftm? 



(57) 

[®S] ^ (ooi) lroi*ssrt,o-^yi/y 



(b) 





?"••^2: K -Z ,<, •"'*• 
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-cj&ssju *^3eft*ft*jRi^s [001] tt&a^ii 

< W:n®^Ftt«iSr 1 0 18 cm- 3 WJi^PUT^^r:i:«: 
j*ft*ipj'(2tt) ^ [ooi] tt&5v*f*r.ix£^ffli* 

iH2 0° 75M8 5° ««Lfc*rt|-Cfc&, -hlESf* 
JBj&sc^WBi^y rs^fcft*), ^H7im< 

fc«^r±p®^««lS: 1 0 l8 cm- 3 «±8sJ!]Dbfcp§i^ 

tot a>2>_kE^ y rm<D z to±.<o*fo£ 9 _lesi i 

¥**«fc«fcfiU ±E^yT/f<Dzlft±<D*^±E 20 

^S^^i (ztt) a* [ooi] tefcfci^fi;:;ix4:*M86ft 

iH2 0° M8 5° tt»Lfc*fi-C*>!>. ±EStt 

S as y r«^t>* 9 , y 7i^^>i < 

tfen M^Fi&fe Sr 1 0 18 c m" 3 «±^D L n 
*>SV^f4pl!^tti»Srl O ls cra- 3 ^±^J0Lfcpgi® 30 

$ai±Go*4>^±fE^ y r«c^ z tt±<z>*£> j: 9 jiism 1 

nS®S^ z *iJba>*i>Jfc 19 -LESS 1 ¥*fttMKfi£«-r 

aifi»^*FSttJi^tt***irj:or»«sn, ^o 
te*j*ft*fii (zM) # [00 1] Mt>zw±z.tik& 

ffi^b 2 0° 75^8 5° «j»Lfc*loI-e&0, ±E 40 

*< HnS^iSrl 0 18 cm- 3 JW±^PL^:nSJ® 
feS^MipS^ttttil 0 18 c m- 3 J£Jl±^ilOUfcp 

<0 z tt-L<D4»-fcj&*±E'< y 7l^> z tt±fl>4»i> J; 9 ±E 

±I5nSa^ z HUiOt-fcJ: 5 ±E* 1 ¥9KMflfctt 
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2 

feftjEftft*|pj (ztt) [001] ttfcSVMAwjh,*^ 
«4to J &2 0' 75358 5° «tt»bfc*fii-efc 5 , ±E 

fc< HnM^l 0 18 cm- 3 ^±^DL^nS«a 
fc4V^ttpS^*Ei»S:i 0 18 cm- 3 J£JL±^PLfcp 

<D z tt±<D**t*s±E^^ y 7|<?) z WiJbs>*i> «fc 9 ±E 

«i*»*w^firau, ±E^yTjf<o 2 tt±oti^s 

FStt*3ft«tt*j«*^J:orz*i*rtlir»«S*i, ±E 

gi4Ji^^^^Jit/<yTH^b*9, R^yra^ 

4<ttn 1WF*M*I S: 1 0 19 c m- 3 ^±^iQ Ufc n 
fcSV^B;pa^j(e»S:i 0 19 cm- 3 ^±SsADbfcp 

<£> z $i_hco*4>#±E^ U7i^)z Wi±<otf -6 J: 9 ±E 

±E p z tt±(0**fc J: 9 ±E® l *3««fflt^fir 

ei±Jl^«>^^ B l4:/<yTJi^b*9, tt/^7l» 
& < k t> n fS=FttteSr 1 0 19 c nr 3 JU_hgs*D bfc n 
fc5VMipS3F»»Sri 0 19 c m- 3 J^_b^D Lfc p 

z fei^^'il^iE^ y z $A_h<D*>0J; 9 ±E 

«1^8|fl:iBJ^ffiBL, i!E^Jl7l^)ztoM^ 
i!2nl^ z ii^ffM 9 ±E^ 1 

e-ra r k zw&ki~z*m>&%;ytm*o 

^#FSf4»^^ft** «fc o r z tt* ffe] S ti, 
±ESttS^s^^Wi:^y-7:»^e>/j:9, R/<!I71 
^*ft< itnS^ttftSrl 0 19 cm- 3 ^±?SJ!lDUfcn 
Sffl«, fcSl^pffl^*64*S:l 0 19 c m- 3 ^±?^AD L 
fcpfi**, <>L<H:tixbW*^«««r*U K-pSf 
z tt±<©*t^s±E^< y z #i±tf>*4> J; 9 
±E»l*»*flmrttBU, ±IS^!/7i^z8ii(7)f 
W s iEnm«(D z «±<o^-£? J: 9 ±E^ 1 

±EBtt«^^J./uJBi:^yT)i*»bft9, R/<yri 
tf*'>fc < t n M^fcfi^ S: 1 0 19 c m^fiJL Ji^D Lfc n 
fc«v^ttpffi^»6ftfcl 0 l9 cm- 3 W±^nL 



3 

*#iBp»W© z **±*>«M>J: 9 ±E* 1 

V&¥*#T-*>5 r. £ ii-*BI **K 1 frh 5 Eft 

[fll*S 1 1 ] ±E(03R^©S«^ I n P £rJB Wc;: £ 
«r^fci-S»**l *»b 5E«O**»»**^ 0 10 

nmKT-C*S^fc«:»«4:'raill*«l^& 1 1 E«c 

n»#*i 3] ±E^**#»tt#fi*Sfl6**t'-i> s 

[0 0 0 1 l 
[0 0 0 2] 

It¥*^fttS] (ooi) Sfi±(7)^^yuyKI 

ft, ^5BBg6 2-2 4 9 4 9 6-&^«Wr»«*nTVN 

#M¥8-3 4 0 9 3 4^««K»*<* 
Jh/0*£ 0 30 
[0 0 0 31 -^r, iE^^^^u^KSojBfiflljtSr 

I£*fl5#tt«: [0 0 1] tta»?>2 0° #M8 5° {Z^M 

(x-f — • -f-^ftl, S?*a*~«-X • v^r— -FAS • T7y 
j »3.3#/*-M (*1B») 7 0 

2-7081, 1 9 9 4^1^, D. Sun, et al, Jpn. 
J. AppL Phys. , Vol. 33 (1994), Part 1, No. IB, p 
p. 702-708 ) 0 rturttu S**#FS!BteW« 40 

(&ytmm mmmxi±zn\zmmi-z#->< vmizmm 

■y*a»a>WftSr»x.5tt«««»B>s|£8 - 1 0 7 2 4 8 
^»fcHj*SiVO*5o tfcGaAs 

aoft-fr**»i*:rHt, (lii) *ian^E«»**s± 
cSwtsrHB^u (ioo) s^e> (lii) Affiir 

5o 50 
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[0004] 

l«Wa*#*L±5i1^5WB] (110) fifrKK^ 
(0 0 1) aD^ffi^rffiSrto^^^^u^KS^ffii^- 

ft, JE«»*fc±5*3i,l,Ji (#FJf) rtfcWMynifc 

tfM<ft5i^5PflH£a*fc5o fiP*>, -hE4#l«3p8- 
1 0 7 2 4 8^«*sgi4«(7>*3teWFlr*5JtSfia:S:ffi 

[0 0 0 5] Lfc^oT, #R9la>B&?>M:. ±EB9H#, 
[0 0 0 6] 

iN-fzzhX'mf&znZo mz, /^tictq-ct 

[0 0 0 7] Bl*3±tfg|2tt. **M<OjRS<DRKBI 
T-fo^ 0 B2I4, tt3fe<0*iF-<D (a) "#Jifll3t*3 JiU 5 
(b) ^<VKBKO«S;ia-efc9. I nP (111) AS 

(0 0 1) ^^g*trfi ((lio) ffittBSK) , 
jES^m (fx/jj*) l:iotH2 (b) <D£?{zm 

[0008] hi i***w<o»£-cfc 9 x »«fflj<7?^ y 

iot, mi (b) oJ:5{r x f|r>m>u^(D^<> K 
[0 0 0 9] *'fc, jlSftasB^r^^-^ (tt^^v) E 

[0010]H1T?», na7MMKj:p§B?»4b« 



5 

*fc % 9yuytt®**ffTii, (000 1) tt±<D£* 

4&@«£rl 0 l9 cm- 3 B±i:t5«WS*«o 

[0 0 1 1] ±i660^7^^v&^r^^v{±. ft&m* 
m&%M&^%7tm<D b b, ll^^^^iTfc^t) 

W*lC:fcl^ttfflj#tt:Al, Ga, In*?<0IIlBi7C*, 
JIN, As, W$S>V£7C*«:»U II-VIJ^frfrftiMM*: 
T?liffl#ttZn, Cd, Mg^COH^TC^. ^#i±S, Se, Te 
*<0ViaOT*Sr»-f- o 
[0 0 12] *LT, Ki^lBI&fcat^*, 

[0 0 13] *<oft*tt4t<Of± % (MM* 

*»m«Il?#FiSffll*«*rtfti:J:ot*j« 

-t^<sfij«:ft*|pj^ [oo i] ttfcavMimt 
*w<yr« (KfiJl) HiiO.tt^itKii 

[ooi] m&>z>\,^nzfrkmmt£$&frb2 o° ms 

«<& (ioo) Bxr4rn^«*»4B ( (oio) 
(ooi) as) ^&±i6<ottia^*«j»ufceji 

[0 0 14] y^^^uvKS!tt*«36«:#"fS*»* 

>m m<i*>m coon 
cni:«Eflsftjgfi*i^e>2o e M8 5° «#*Lfc#f«i 

■0*4 < t fe-fcnffl3ptt*S:l 0 18 cm- 3 W±Ss*D 
Lfc n p M^fcE^Sr 1 0 18 c m~*U±mv Lfc 

p9M& Xtt^nbH*C!?«««rRJt. (1) ±E£ 
*^JiKEEIifi«rf+^l < fc»* : ±B n S«*<0 z tt± 
V>+i*tf±tBs< y ri<^ z tt±*>*i> «fc 5 ±|EJR 1 

teffiyir &o±E'< y t/i© z $*_ko *-k#±E p 

Xli (2) ±E**^JiWlo«5fitf+*Lfc»^: 
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±e p z tt±a> *i>*±E'< y tm<o z tt±<o 

f 3 *^ 9 ±1E» 1 ^ftflUfcaoiE^ y rii<D z ttJb 
<£> *<k£r±E n z tt±<7>**fc J; 9 ±E» 1 ¥3£ 

f±. Sttfr^/i'JlSr (1) JSE«IM^^ : iE**** 
tttt*^*^**^**^***^*-^ (2) §1 o 
«9«<o»& : ±E**#«Kttft<o»^F3efti 

[0 0 15] _ha£<D r 2 $4j irtt^5«ft***|BiSr 

iS(o»<y Tm\z&vfz> r n s««(io z i±^tws±E 
y r^o z tt±tf>+i>* ^ -LE® 1 ^»*«»rfflfli-r 

20 yrJi^S«iffl^Kftfc*^*ft5>-rv nS«««# 

Ji^ ztt±^4»i^s±EpaSi8<D-z 9 -t 

EJSl**f«B!ltrttB-rSj i^5«J£HU ±Eft^-# 

FS?sttJi^*nsfi>5r^^yTJio5*>. ^^rtas 

it a p S««co»^S:ffi«^±E* 1 

TJio— ^MSl^bnii, p^g^Ml 
l^iftliaiiUfcirti: LTEJfiSJiS. Sfc, % 

10016] toJ;54zt4 (MAft^) iwia 

40 [0 0 1] tolirtli:^I4^f*^b2 

0° 75^8 5° «^Lfc^ffe3 (ztt) (Cv^yu^K 

tv^<yrgco5b. ^y7l^<n-i:nS? 

1 0 18 c m- 3 W±^AD L^c n p gPFif^ 

Sri 0 18 cm- 3 W±^DLfcpSSS^ XttwiibH* 
o*"«S:R»t, (3) ±El>*^JB^ffil8fi«rft*Ufc 
^ : ±ffipS««o z Hi© W±E/<y ri© 2 
tt±©*-& J: 9 ±Em 1 **#dllfcIo±E/< y rs© 
50 z Uie)tWSiEnIfiUfl) z ttitD^i? J: 9 ±ESS 
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Xtt (4) JLEfr^WiM 
91 oK 9 SSrtt-S- Lfc*§-& : ±IB n §!@i£<D z tt±«>* 
£>«r±E'< V rm<o z tt±*>*£> «fc 9 ±fBJg i 

(wji.o±f5v< y rmco z tt±<^*i?s:±ia p z 

*Lh<0*«t?± D ±E* 1 ~t*%f 

[0 0 17] ±*<0*«Wl3±*ft«»ft**#«3t* 
-T-HU **Sr*tfIII-V«KK*«*»#: (*fttt¥SMfr 

#FSgttJl«:*SftJ** (2**i«n) ^ofi^F-# 

«««r 1 0 19 c m- 3 «_h^AD L/c n ®fg*fi v p S^jte* 
fcl 0"cm^«±J^Lfcpg«& XttittfeH* 
<o««S:»W. (5) ±E**ybJiK:ffiftgfcf*^Lfc 

*»±©**fr J: 0 ±E# 1 ¥W*«lfcJ&o±E'< y T/fco 
z «!JiO*-t^±EpS««<o z #_h<£>*<k£ 5 ±ia!B 
l^&M^*ft«£^ X(± (6) ±IB*~>uJBtt: 
§1 o» 9 S«rft# Lfc»fr : ±E p WMtiHD z #Jt(^t 
4>8r±E'< y 7M<n z ftLLo* ,j> X 9 ±E» 1 ¥*frffll 
K&oJhE^ 11 Tjf oo z «±«)t'C?S:±EnIfi«(D z 
*Lfc<0**> ± 9 ±E?g 1 *W*«^fit«**6 li:^ 

0»*JflH8o*tv^yrJlo5*>» ^!)7l^4< 
tt^nS^F«4bS:l 0 19 cm- 3 JW±)^ADU^nSI® 

pi^Jrl O l9 cm-m»l/cpim 
XJir.nfcPi*<75fiH«S:Rtt. (7) ±E^=c/^*«cEE 
*tS«rf+5-Lfc*& : ±EpI1fi«<Oz*li±(OtiMS± 
E'< y <7> z tt±o*i> J; 9 -LEST l 
±E'*y TJBS) z *ft±<0*£s&s±EnSIH«0> z fitter 
+&t9±mfl¥mftMz*+Mt*i£. x<± (8) 
±E^/UJii^Io§g9 51&tt#Lfc^ : ±SnSI 

z $fLkcr>*4>£_LE^ y TM<D z tiLb*?*^ J: 9 Jt 
EST 1 *W*W{rao±E^< y TJi<?!> z ttii^ef i&Sr-h 
E p Mgg«<o z «Lb<B J: 9 ±E« 1 

Bi;*ra«, S§f£*i5 K-^yy^^u 
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■ ttm I n P SrfitfH-S £ 4: Sr«|Jt-J"«o 
[0 0 19] Sfc, v/^yuyKI, ^/^^fiSSioi^ 
Tixfcjs^Tfc, ±E^^Jl^J¥*<7)KlEA55SM<oSJb 

— y*fc LT^L-Ctct^o ■ 
10 [0 0 2 0] 

[0021] <mi&m i >h 3 r±, *$£w<om i <dmi& 

«-Cfc5*W#U— y^Wfffi**H (a) , *5*t* g 

i&f^#Jif£j£ (b) Sr^ufcfco-e&So fpfi*isri 

[0 0 2 2] n — I nPSfil 1 (O (112) Bffi± 
fc % *T«&l«RSjG8K (MOVPE) »Sw±9, nl^ 
7 5/KI12 (I nP, 1 . 6 n m) , gtSfeJi 13, p 

20 i^?yK«14 (InP. 2 /* m) , *ty^|15 
(InGaAsP, 0. 4^) 4rNM&l^tt6 0 
T% Si£J|(D^J|«Sr± % (b) Hltw^t-J:5lw, T> 
K-^< !!7fl9 (^*J»H&g 1 . Um^InG 
aAsP, 3nm) Sr^ft Lfc«, ^*Cfe»«^ 5 x 1 
0 18 cra- 3 «OnS/<!l7i2 0 (^SlffrWftfi 1 . 1m 
m<7? InGaAsP, 3nm) , S^^i^JB 2 1 (In 
o.rGao.sAs, EEfflMl. 2%, 6nm) , ^*Efezg 
^5X10 18 cm- 3 Opi/^TJi2 2 (MftlflFHft 
fil. l^ra^I nGaAsP, 3nm) ^3f$:3^ 

30 MIL, B(/7yK^/<!l7il9 («$»J 

aftBStftl. 1/zmCOI nGaAsP, 3 nm) $rl^tt 

Bti^OVPESCtDFe K— ^^|6»ttl nPC0 
ffiV^TpSSIl 7 tnHSl 8SrJB^i"5r fctrj: 

[0 0 2 3] ±EH16Wo*^^*5V^TH:. ^It^^ 
mffi?55 5mA^*8 0 t^X^<!j7lj5i7yK-7 p X* 
40 fc5«*WT-fi, *«L£V^«aEf4l 5raAT^^ * 

[0 0 2 4] <H16«2>BI4W:, *&m<0% 2 (D^M 
«"C**4 t **u--1fo»fa5«a;.H (a) x jstc g 
(b) «r»Ufct>o-C*>S. ffi»*Jfett 

[0025] (0001) i^t77>(7Sffi3 1± 
If. =fr«&JR*tfBl*ft (MOVPE) /<y7 
7i32 (GaN, 0. 0 5 n m) , nSSil3 3 

(GaN, 2/im) , nS^7yKi3 4 (GaN, 
50 1 Jim) . g<±^3 5, pl^7y KJB 3 6 (G a N 
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(6) 

9 

, 1/zm) . ^^^^137 ( GaN. 0. 5/im 
(0 0 0 1) <DT~*>m (V&ffi) Trfc*). s 

&mv>£mmm\±. (b) bi-si-^su:, tvk^ 

/<!ir|4 0 (GaN , 3nm) Sr^ftUfc«. ^Fffi 
Mt^2X10 19 cra- 3 <Dni/<!JTi4 1 (Ga 
N x 3 nm) ,1^14 2 ( I no.2Gao.eN> 
EBBfil. 0%, 6nm) , T>Y—7'<9TM40 

(GaN . 3nm) £> 3 Jl S: 3 JSJ»/£ft U 
|?t5TV K— ^/<y 714 0 (GaN s 3nm) S:« 10 

J: 3 fc: ^y^!3 7H 

I*ft^V^pIlg3 8i 

[0 0 2 6] ±EI616W<o*^-tJ:*3V^-CH:. 38fiU*^ 
IP4 0mAi:/j:§ fl t^r^y7i^7yK^ 

[0 0 2 7] 

W8W<0i»*] *389ifc:<fc*itf. (110) ffi£KK#E 

(001) B^ffi^ffifcto^^^yuvks^ai*^ 
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[BS0ffi¥«K9I] 

[Ell] ##^ISStt.fflB"0&o-c\ (a) tt*389J 
Ji*5tS:, (b) ttSK*^#Ffiigfiyi<o/<>' KB* 

[B2] «*<o^fl«**^*S6<oJDRaKWHTfco 
T, (a) "tt-t^*^#Ffflett««r«*-t-5#JI*56 

(b) ttSK*^#FSiSi*Ji<0/<^KH«:*>«r^ 

"To 

[B3] *«W^*l<0*lfc«t45*»i|:u-ifco 

(a) mm«Ata. xxv (b) 

-To 

[04] **W^«20*16«fcft5*W*U-lPO 
(a) BrS«3;B, teXTf (b) SttJKO^jnflitfr^: 

-r. 

1, 11, 3 1 2, 19, 40-7yK-^ 

3, 2 2-^1/^71, 4, 21, 42-1 
r>:n,t^ 5 t 20, 4 1'-nl/^7l, 12, 34 
nS^vyKJi, 13, 3 5--S14JB, 14, 3 6 
••pi^^Kl, 15, 3 7'^t^/i, 16-1 
17, 3 8-.pim 18, 39-nIt 
3 2-/<y7'7l, 3 3- -nI?|| 0 
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